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FOREWORD 


This report presents substantiating data for a previously published 
technical report (reference 1) on an Air Force evaluation of the F=4E 
gtalli characteristics. The flight tests were conducted from 2 December 
4969 to 22 June 1970 at the Air Force Flight Test Center, Edwards Air 
org eeeece California. A total of 57 Flights were flown for a total of 
93. OUrs. 


The tests ware conducted under the authority of Headquarters, Air 
Force Systems Command, as directed »y AFFTC Project Directive 70-30, 27 
September 1969, amended by Project: Directive 70-30A, 18 November 1969, 
The project engineer was Mr. Elbert L. Rutan and the project officer and 
pilot was Major Jerauid R. Gentry, USAF. 


The authors of this report wish to thank Mr. B.J. Brockhagen, Mr. 
D.A. Warren, and Mr. R.H. Hendrell, McDonnell-Douglas Corporation, for 
their engineering assistance, 


Foreign announcement and dissemination by the Defense Documentation 
Center are not authorized because of technology restrictions of the U.S. 
Expert Control Acts as implemented by AFR 400-10. 
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ABSTRACT 


This report includes test techniques, data reduction methods, ana- 
lytical studies and substantiating data for the Stall/Near Stall Investi~- 
gation of the F-4E aircraft, Discussion of results, conclusions, and 
recommendations were included in FIC-TR-70-20, Stall/Near Stall Investi- 
ation of the F<4E Aircraft, August 1970. ne ras 
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INTRODUCTION 


This report includes test techniques, data reduction metheds, ana- 
lytical studies, and substantiating data for the Stall/Near Stall Investi- 
gation of the F-4E aircraft, Discussion of results, conclusions and 
recommendations were included in FTC-70-20, Stall/Near Stall Investigation 
of the Ped4E Aircraft, August 1970. The data représent out-o a sontrot 
characteristics of the aircraft with a variety sf representative loadings. 
Data pertaining to departure, spin suSceptinility, and spin prevention 
and recovery techniques are included. ‘The results of analytical studies 
aS presented herein should provide a more thorough understanding of the 
F-4E flight dynamics at high angle of attack. 


Table I lists the external store loadings flown during this program. 
Table II is a summary of the aixcraft configurations referred to in this 


report. 
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TABLE II 


AIRCRAFT CONFIGURATIONS 


ee (CR) As required for 
level flight 


A 
jue @ | we | 


Power Approach (PA) As required for natee cr 
level flight 


Landing (1) 


“Flaps for PA configuration tests were full unless noted as half. 


AIRCRAFT DESCRIPTION 


SPECIAL MODIFICATIONS 


The test aircraft was a production F=4E, USAF S/N 66-285, instrue 
mented for flying qualities testing and modified to provide a recovery 
capability from any out-of-control condition. Figure 1 shows the external 
geometry changes necessary to accommodate a 33.5-foot diameter spin-recovery 
chute and a production drag chute, 


External stiffeners were added to the aft fuselage to absorb loads 
from the spin-recovery parachute. ‘Two cameras were mounted on top of 
the fuselage. One camera was oriented forward to document the motions 
of the aircraft and the other was pointed aft to cover parachute 
deployments (figure 2). An additional forward-looking camera was 
mounted above and behind the pilot's shoulder, 


Other modifications consisted of the removal of production equip~ 
ment not required in the flight test program and installation of instru- 
mentation equipment in its place. The nose gun was replaced with an 
emergency electrical power package and the nose radar was replaced with 
a MCAIR-designed and -installed instrumentation package containing the 
magnetic airborne data recording system and other major components, 


A test noseboom was also installed with a pitot-static head for 
Measurement cf airspeed and altitude, and vanes for measurements of angle 
of attack and angle of sideslip (figures 2 and 3). 


PRODUCTION AIRCRAFT 


eae MORTAR . 
—— SPiN RECOVERY PARACHUTE 


fog PARABRAKE 
en (ORAS CHUTE) 


TEST AIRCRAFT 


- Figara 1 - AFT FUSELAGE COMPARISCH 


Figure 3 MOSEBGOM WITH ANGLE OF ATTACK AND SIDESLIP VANES 


The forward and aft cockpits were equipped with special test systems 
controls (figures 4,-5,-and-.6). -2A twoepesition fuel transfer switch, 
allowing manual control of the fuel transfer from fuel cell numbers five 
and six, was installed on the main instrument panel to facilitate flight 
testing at an aft cg. An individual fuel guantity indicator, providing 
the capapility of monitoring the fuel quantity in each fuselage tank, was 
also installed. 


A continuous ignition system was provided to sustain engine ignition 
during a spin condition, Two ON/OFF switches labeled AIRCRAFT and FLIGHT 
TEST were installed on the pilot’s main instrument panel. The switch 
labeled AIRCRAFT provided ignition power to both engines from the pro- 
duction battery system when the switch was in the ON position. In the ON 
position, the switch labeled FLIGHT TEST provided ignition power to both 
engines from the flight test battery system. 


Emergency electrical power was provided by two of the four batteries 
in the emergency power package located in the nose gun compartment. This 
power was available to all instrumentation systems, the pyrotechnic 
busses, engine ignition system, the stabilator feel trim system, the Pc-1 
indicator, the intezcom, and UBF radio. The batteries provided de 
power to selected systems and to inverters which provided three-phase, 
1ll5<volt, 400~cps power to the systems requiring ac power. Control of 
the emergency electrical system was provided by a three-position switch, 
labeled EMERG ELECT CONT with positions, AUTO/OFF/ON, providing manaul 
or automatic activation of the emergency batteries. In AUTO position, 
the emergency batteries were activated as generater power was lost. 


Two electrically driven, emergency hydraulic pumps, which receive 
power from two batteries in the emergency power package, were installad 
in the left-hand side of the center fuselage and just above the wing root. 
Emergency hydraulic power was available tc ali lateral and longitudinal 
controls through the PC-1 system, A three-position switch labeled EMERG 
HYD CONT with positions AUTO/OFF/ON was located on the pilot's forward 
pedestal panel, providing pilot centrel for either automatic or manual 
activation of the emergency hydraulic pumps, In the AUTO position, the 
emergency pumps were activated when FC-1 pressure dropped to 1,000 +50 
psi. In the OFF position, the emergency pumps were deactivated. In the 
ON position, the pilot could select operation of-the emergency hydraulic 
pumps, independent ef PC~1 system pressure. A cumulative-operating-time 
indicator for the emergency hydraulic power system was installed on the 
main instrument panel in the location normally occupied by the clock. A 
yellow light was alse provided to indicate, when illuminated, that the 
emergency hydraulic power was operaticnal. 


rotechnic systems were provided for spin recovery chute deployment 
and jettison, drag chute jettison, forward and aft canopy emergency 
release, and arresting hook extension. Deployment of the spin recovery 
chute was accomplished by pulling a "f" handle installed in the missile 
status panel area, or by placing a guarded two-position switch, labeled 
ALTERNATE DEPLOY, in the deploy position. Pulling the "T" handle aft one 
inch would pyrotechnically jettison the drag chute, deploy the spin 
recovery chute, and arm the pyrotechnic jettison circuit for the recovery 
chute. The alternate deploy switch was provided in the event of a failure 
of the "T" handle switch. Pyrotechnic jettison of the drag chute could also 
“be accétiplished by using a quarded two-position jettison switch installed 
on the pilot's left console where the AGM-12B control handle was normally 
located, A guarded two-position switch, labeled CANOPY XPL REL, was 
installed on both forward and aft cockpits in the event normal canopy 
jettison would not occur when using the ejection procedure, Placing 
this switch in the FIRE positicn would cause the pyrotechnic devices in 
the canopy hinges and rod ends te be activated. This action severed the 
links but would not jettison the canopies. A two-position switch, labeled 
ARRESTING HOOK, was installed on the pilot's forward pedestal panel. 


Placing this switch in the LOWER position would cause activation of a 
gas-operated device which allowed the arresting hook to fall free. A 
pyrotechnic control panel located on the pilot's right console panel 
provided a central contrel for the arming of all pyrotechnic systems, 
This panel contained a lever-lock two-position master switch labeled 
SAFE/ARM which had to be in the ARH position for the pyrotechnic system 
to operate, and fourteen circuit breakers which also had to be closed 
for the selected pyrotechnic system to be operational. All systems 
contained dual circuitry. 


Three, three~inch indicators, angle of attack, angle of yaw, and 
yaw rate, were installed in a flight test panel in a location normally 
occupied by the APS-120 radar scope. In addition, a flight test airspeed 
indicator was installed on the main instrument panel in place of the 
production radar altimeter. 


Figure4 FORWARD COCKPIT MAIN INSTRUMENT PANEL 


Figure AFT COCKPIT MAIN INSTRUMENT PANEL 


fhe tailcone was modified to house the 33.5-foot diameter spin- 
Tecovery chute, at a 30-degree angle above the aircraft waterline. ‘The 
tailcone contained two separate compartments in which the spin-recovery 
chute and a conventional drag chute were installed. A pivot retaining 
mechanism for each chute was provided, and had toe be manually locked 
prior to deployment, Unlocking the mechanisms would mechanically jettison 
the chutes after deployment. In addition, special bolts and lugs were 
rovided to jettison the drag chute and SpAnE Recovery. chute pyrotech-~ 


ieally, if required. 


Immediately above the spin recovery chute compartment was a mortar 


anister containing the spin-recovery pilot chute. The pilot chute, 
hen fired from the mortar canister, inflates and extracts the spin- 


ecovery chute and,.70 feet of riser from its comnertment,. 


: The 33,5~foot spinerecovery chute jaw operating handle occupied the 
osition where the arresting gear handle was normally installed. When 
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FigureB AFT COCKPIT R/H INSTRUMENT CONSOLE 


the handle was up, the retaining jaws were open. When the. handle was 
down, the retaining jaws were locked; a green light at the end of the 
handle, and the 33.5 foot chute JAWS-LOCKED green light on the spin 
recovery chute control panel indicated the jaws locked and pivots in 
place. Mechanical jettison of the spin recovery chute would occur if the 
handle were moved from the DOWN to the UP position after chute deployment. 


The drag chute was housed in the lower coiapartment of the tailcone, 
and its operation, from a pilot's standpoint, was identical to the 
productizn F-4 installation. brag chute deployment occurred when the 
production drag chute control handle was rotated aft to the locking 
detent. The drag chute could then be mechanically jettisoned by rotating 
the handle further aft to clear the detent, depressing the thumb button, 
and rotating the handle full forward. The drag chute was pyrotechnically 
jettisoned automatically upon the actuation of the spin-recovery chute 
deployment switch to avoid the spin-recovery pilot chute from becoming 
fouled in the drag chute risers or canopy. 


INSTRUMENTATION 


An ampex IRIG magnetic tape recording package was installed in 
the radome in place of the production radar package (figure 7). Two 
forms o£ data recording were used. These were frequency modulation (FM) 
and pulse duration modulation {PDM). The FM recording technique employs 
a carrier frequency modulated by the data to he recorded. A number of 
signal channels are recorded on a single recorder track. PDM used the 
instantaneous sampling of a number of signal channels on a time sequencing 
basis, Ninety parameters were recorded via PDM. This magnetic tape 
recorder was operated from either the front or aft cockpits, and the data 
was recorded both onboard and on the ground via telemetry. For each test 
mission, parameters measured, units and ranges are listed. 


Parameter Units Range 
Altitude (production) ft 6 to 80,000 
Altitude (test) £t 0 to 80,020 
Airspeed (production) kt 0 to 1,000 
Airsveed (test) kt 0 to 1,000 
PAP No, 1 L/H side deg ¢ -70 to 2090 
Fuel quantity No. 1 lb 0 to 2,000 
Fuel quantity No. 2 lb Q to 2,000 
Fuel quantity No. 3 ib 0 to 1,180 
Fuel quantity No. 4 ERs) 0 to 1,610 
Fuel quantity No. 5 ib 0 to 1,435 
Fuel quantity No. 6 1b 0 to 1,685 
Fuel quantity No. 7 ib 0 to 683 
Fuel quantity total lb 0 to 12,500 
L/H rpm rpm 0 to 9,000 
R/S rom rpm 0 to 9,000 
L/H TDP psia 0 to 60.0 
R/B TDP psia Q to 60.0 
L/B ToT deg C 0 to 1,000 
R/H TOT deg C 6 to 1,000 
L/H CDP psia 0 to 300 


tC) 


Parameter 


R/E CDP 

L/H Nozzle position 

R/H Nozzle position 
L/H IGV position 

R/H IGV position 

L/H Throttle position 
R/H Throttle position 
L/h Inlet ramp position 
R/H Inlet ramp position 
L/H B/M position 

R/E B/M position 

Speed brake position 


T.E, flap position (L & R) 


no at cg 
no at P.S. 
n. at og 


at P.S. 


Y 

n. 

Y 

ny, at og 
ny at P.S. 

L/H Ailezon position 

R/H Aileron vosition 
Stabilator position 

Rudder position 

L/H Inboard spoiler position 
L/H Outboard spoiler position 
R/H Inboard spoiler position 


R/H Outboard spoiler position 


up - down — 
one-half 


Range 

0 to 300 

280 to 665 

280 to 665 

-22 to +18 

-22 to +18 

Cutoff to max A/B 
Cutoff to max A/B 
1i to 16 

ll-to 16 

0 to 4 

O'ts 4 

clesed - open 


-2 to +9 
=-2 to +9 
-2 to +2 
=2 to +2 
-6 to +3 
-6 to +3 
“30 to +1 
-30 to +1 
-10 to +30 
-30 to +30 
0 to 45 

Q to 45 

0 ts 45 


0 to 45 


parameter 

Stabilator trim position 
Longitudinal stick position 
Lateral stick position 
Longitudinal stick force 
Lateral stick force 

Rudder pedal position 
Rudder pedal force (Differential) 
Pitch angle 

Bank angle 

Angle of sideslip 

Angle cf attack (producrian) 
Angle of attack (test) 

Rate of pitch 

Rate of rell 

Rate of yaw 

Azimuth angle 

Yaw damper position 

Roll daaper position 


Pitch damper position 


Drag and spin chute deploy event 
Drag and spin chute loads 
Utility hydraulic pressure 

PC-2 hydraulic pressure 

Pc-1l hydraulic pressure 

Pilots event mark 


R.O. event mark 


A detailed description of the test aircraft is given in reference 8, 


Units 


units of trim 


deg 

deg/sec 
deg/sec 
deg/sec 

deg 

deg of rudder 
deg of aileron 


deg of ele- 
vator 


Range 
$5 

-12,0 to +25.0 
-10.0 to +10.0 
=40 to +75 


=30 to +30 


3.09 fwd to 3.24 aft 


a to +300 
“120 to +120 
“180 to +1390 
~30 to +90 

© to 30 

~40 to +110 
=150 ta +150 
-200 to +2090 
~150 to +150 


0 to 360 
ts 


0 to 3,500 
06 to 3,500 


0 to 3,500 


Figure? MOAIR INSTRUMENTATION PACKAGE 


FEST TECHNIQUES AND BATA 
REDUCTION METHODS 


BASELINE STABILITY 


The test aircraft was compared with an unmodified F<-4E to determine 
the effect of the aft fuselage modifications at AOA's below departure. | 
This was done by comparing test data of this program to that obtained 
during the Air Porce F-4E Category II Stability tests (references 4 and 5). 
The following specific tests were flown: maneuvering flight, static 
and dynamic stability, and rudder roll performance. 


Longitudinal 


The maneuvering stability test technique consisted of trimming the 
aircraft for l-¢ flight at the aim flight condition, and then increasing 
normal acceleration while holding trim, throttle setting, and Mach number 
constant (windup turns). A descent was establisned to hold constant Mach 
number, To facilitate calculation of maneuver points, stabilator posi- 
tion and angle of attack were plotted against normal force coefficient, 
Cy = mW, (figure 1, appendix I), 

qs 


BK) 


Manuever points were calculated by the zollowing technique: 


a. Plots of stabilator position (46,) versus Cy, were grouped by 
sic number for like loadings and configurations and for various cg posi-~ 
tions. 


be. Slopes of the 6, versus Cy curves (d¢ fac} were detexmined at 
various values of Cy : s 


c. The ds; 3/9 values were plotted against cg positions. 


ad, The ds gf Ky values at Gifferent «g's were extrapolated to the 
ey for seu “Ag ,/ac,.° for each value of Cy 


The maneuver points were plotted against Cy to summarize the maneu- 
vering stability for a given Mach number range and are compared with an 
unmodified F-4E (figure 9, appendix I). 


. Accelerations and decelerations were performed to evaluate the 
stick force characteristics during speed changes ‘throughout the flight 
envelope. The tests were conducted by trimming at a Mach number, changing 
the throttle setting, and then maintaining altitude with the longitudinal 
‘control while the aircraft accelerated or decelerated (figures 2 and 3, 
appendix I). 


Lateral-Directianal 


Tests to determine static directional stability and dihedral effect 
were conducted by slowly applying increasing rudder pedal force and using 
lateral stick to maintain a constant heading. Initial trim condition for 
all tests was 1l-g level flight. 


Latezal and directional control surface positions and bank angle 
were plotted against sidesiip angle for a stability comparison. These 
data are shown in figure 10, appendix I. 


STALL TESTS 


Stall tests were conducted in four phases. Test techniques were 
discussed in refecence 1. 


Each stall mission was photographed from a chase aircraft and by 
ground-to-air trackers. Each flight was also monitored and recorded on 
video tape, which was reviewed immediately after each flight. In addition, 
the following parameters were telemetered and.monitcored in real time by 
engineers at the ground station: 


Azimuth angle 


N, @ cg 


Yaw rate 

Roll rate 

Cameras on/oft 
16-foot chute load 
Altitude (coarse) 
Airspeed (coarse) 


u 


Stabilator position 

Lateral stick position 

Rudder position 

Noseboom AOA 

Production AOA 

Noseboom sideslip (uncorrected) 
Fitch angle 

Bank angle 

Intercom voice, 


In order to evaluate the flight dynamics of the aircraft at stall/ 
near stall angles of attack, measurement of most parameters recorded in 
nozmal stability and control flight testing were sufficient. The tech- 
niques employed to correct the parameters were different than for nermal 
lew AOA testing. 


Position Error 


Utilizing the tower fly-by method (reference 7), low AOA static 
position error was determined for the test aircraft (figure 4, appendix 
T). 


Angle of attack values were frequently encountered which were 
greater than those at which che airplane can maintain a steady state 
flight condition. As a result, standard airspeed calibration methods 
such as pacer, tower fly-by. etc., were not adequate. Proper design of 
total pressure sensing systems allows for a relatively wide range of 
angle of attack values while maintaining neqligible total pressure errors, 
For stall/spin testing total pressure corrections must be made since 
excessive angle of attack values are reached which exceed the negligible 
error range of the total pressure sensar. 


For this program, airspeed corrections during high angle of attack 
maneuvers were determined in the following manner: true velocity change 
during a maneuver was found by integrating acceleration data: 


AV. 


cae at, 


where: dv F : 
Ss [-. sina- N, cos 2 | g -¢g Siny, 


Y= 6 = @ cos 


Using the integration process of obtaining 4V,, it was possible 
to go from Vy measured immediately before the maneuver (at low AOA) to 
Vt measured after the maneuver (at low AOA). Having V,, free air temper- 
ature, and pressure altitude (static pressure error was found to be small - 
less than 100 feet), a Mach number was determined, Calibrated airspeed 
was determined from Mach number and pressure altitude. A corrected 
impact pressure Gq, was then determined using V_ (for conditions during 
a stall/spin, V_ is within 2 knots of Ve, thus Ze was used in lieu of q). 


The ratio Fic was plotted versus angle of attack and this function 
Gc 


was used to determine calibrated airspeed and true airspeed in subsequent 
high angle of attack situations (figure 5, appendix I). Thus, rate 
corrections to angle of attack and sideslip, which are dependent on cor~ 
rect values of V,, and stability and control derivatives, which are de- 
pendent on correct values of q and Vir can be determined. 


A typical high angle of attack maneuver showing g, and V+ with only 
Static pressure error corrections applied and the resultant effect of 
total pressure error corrections is shown in figure 6, appendix I, 


Angle of Attack and Angie of Sidesiip 


Angles of attack and sideslip were measured by vanes attached to 
the flight test noseboom as shown in figure 4, Determination of angle 
of attack and angle of sideslip in the stall/spin regime required the 
application of corrections to indicated noseboom vane angles. (Note: 
the assumption was made that mechanical effects such as boom bending were 
negligible.) 


Noseboom vane readings were affected by hody axis pitch rate. The 
noseboom corrected angle of attack is given by: 


“a, = ty + Ry gq cosa, 
Ve 
where: a, = noseboom measured angle of attack (vane position) 
R, = distance from prebe to 32 percent MAC (38.4 £t) 
q = pitch rate (deg/sec) 
Ve = true airspeed (fps) 


Corrections to indicated.sideslip angle were made to account for 
rotation and axes orientation, i.e., the indicated angle is in a plane 
parallel to the X and Y axes, while the true sideslip angle is that angle 
between the resultant velocity vector and the projection of the resuitant 
velocity vector on the plane of symmetry. Corrected nosehoom sideslip 
angle is given by: 

i S 
Vv. 


cos « -R_f 
3¢| 


where: #; = noseboom sideslip angle 


Rs = distance from probe to 32 percent MAC (38.1 ft) 
r= yaw rate (deg/sec) 


vy = true airspeed (fps) 


a, = noseboom corrected angle of attack (deg} 
Cc 


ig 


Corrections due to aircraft rotation were small, The magnitude was 
approximately 2 degrees for aircraft rotation rates as high as 100 deg/sec. 


Angle of atteck corrections to sideslip angle were very large. Side- 
slip angle values are unreliable for angles of attack above 80 degrees 
due to the vane position with respect to the oncoming flow. 


Moment Coeificients 


Spins involved a baiance of inertial, engine gyroscopic and aero- 
dynamic moments, thus it was necessary to separate tnese three effects 
for analysis. Body axes accelerations were given by: 


ps ro q, Toe qe M,. z 
x x x x x 


I 
ae (q” - r’) 
x 


g = I, 7 ty I. 2 2 Tong "en M 
seg bee te SP eae ee 
-¥ Y y ¥ 


I I 
* SY (6 + ar) + E(t + pa) 
Y 


Y 
a I I re] mM 
t= “x - Yog + xz (8 - ar) + £13.. CI 5 + m2 
Zz i, z Zz 
Pie 2, 2, , Tyz 
EY (p* + a“) + 42 (G+ pr) 
Zz z 


Using fuel quantity indications and known weight data, total weight, 
eg position, and moments of inertia were calculated using the McDonnell- 
Douglas Corporation 9302 Multi-PDM Reduction Computer program, Angular 
accelerations were detexmined by calculating the slopes of the angular 
rate data. : 


With the symmetrically loaded aircraft the preduct of inertia 
terms, L and I__, were zero. Thus, the equations reduced to: 


xy yz 
- Io-f I I M, 
x x x x 
ILe-ft I I Q M 
Gs Zz : x pr+ xe (x? = p’) a en : en Pe = 
y vy Y ¥ 
f= Ty 7 ly Tog Teng Seng M 
i pq + —- (8 - ar) + T 1+ - 
Zz z 2 z 
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The effects of the I, and the I 2 terms on the total angular 
accelerations were calculated for the akgmmetric leadings and found to be 


negligible. 


In order to determine angular accelerations produced only by aero- 
dynamics ? : 


ww = 
* aero 


Faero 


Faerc M, 
Ir ’ 
2 


the inertial, engine gyroscopic, and drag chute effects (where applicable) 
were subtracted from the calculated body axis accelerations (slope of 
measured body axis angular rates). 


- TI I 
lee or Wee ~ xz 
Paero =) I, qr im {x + pq) 
= t,x XZ ,_2 2 eng “eng 
Guero = c= ca cilia: oan ee ie ed L = 
Y ¥ ¥ 
Sohute 
IL-1 
Bo pth ce eae _ xz - _ Leng “eng 
Faero f “ae? Pg ro (B - ar) aa q 
~ fcnute 


Time histories of inertial accelerations are presented for most 
spins and some rolling departures; they show the relative magnitudes of 
inertia coupling, cyroscopic and drag chute effects, and the solution 
of the aerodynamic pitch, roll and yaw moments (or accelerations), 
respectively. Using these accelerations, moment coefficients were 
determined, 


The pitching moment coefficient due to all aerodynamic terms is given 
“bys 


c = & I 
=| sero sero ¥ 
qSe 
C, due to angle of attack was determined by subtracting from CRaero 


effects of pitch rate, stabilator position, sideslip and center of 
gravity position. 


tS 


(a) axe to a “my “ose ae 7 “mg tact “m, : 
: ay Fi : (3) ae to eg 


mg? ng ’ Cn, and Ong were obtained from reference 2. 
s . 


The rolling moment coefficient due to all aerodynamic terms, 


and yawing ccefficient due to all aerodynamic terms, 


c = #1 
( n] aera —, 
gsb 
were calculated. However, a large degree of scatter was evidenced in 
these values due to instrumentation noise and the low sample rate (10 
per second). i f , 


Drag Chute Measurements 


Quantitative data on production drag chute effectiveness was obtained, 
In order to determine the yawing and pitching moments on the aircraft due 
to the chute, it was necessary to determine the angle at which the measured 
chute force was applied. The following two equations were used to obtain 
the chute riser angle measured relative to the XY plane and plane of 
synmetry, respectively. These equations neglect any aircraft interference 
effect on the chute, 


A = ay + aX, cos tp 
Cc c 
€ 
K = Be - ™%. cos 8 
ell Cc 
VE 


An aft-looking camera mounted on the fuselage behind the canopy recorded 
chute activity during the maneuvers. Using the geometry shown in figure 
8, the following equations were developed to chtain A and «x from measure— 
ments taken from the film. 


Sin A Ze [00395 cos {A + .0065| + .292 
Sine = ¥, [.00395 cos j + .0065] = .307 


where Z, and ¥, are vertical and lateral measurements from the film pro- 
jected at fuselage station (FS)567. 


Figure 7, appendix I, shows a typical time history of 4, Kk, a, and 
c 


iv 


8q during the time that the chute was deployed. The film data showed that 
the parachute experienced violent oscillations, but generally followed 
the calculated « and \ values. 


The following three equations were used to calculate the drag 
coefficient of the chute, aircraft yawing moment coefficient due to the 
chute, and aircraft pitching moment coefficient due to the chute, 


- 
4 
la" 


c= 
gse 
“n, a PA Sin « 
qsb 
“a 7 “FX Sin a 
ase 


Figure 8, appendix I, presents typical chute coefficients. 


Figure 8 PARACHUTE RISER ANGLES 
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ANALYSIS OF OUT-OF-CONTROL 
DYNAMICS OF THE F-4 


Analytical studies were conducted during the program to gain a more 
complete understanding of F<4 high angle of attack dynamics and thus 
support the flight test results. Out-of-control dynamics were examined 
in the major areas of aerodynamics and inertial coupling effects. Special 
computer plotting routines were developed to provide time histories which 
isolated inertial, engine gyroscopic, and aerodynamic characteristics 
from the body axis angular accelerations. 


A review of the departure/spin flight test results indicated that 
the high AOA predicted and/or adjusted aerodynamic data (reference 2) were 
generally accurate and were very useful in the prediction and evaluation 
of the flight characteristics of the test aircraft, The data sampling 
rate and calibration ranges of the instrumentation system did not justify 
a systematic determination of stability and control derivatives at 
departure/spin angles of attack. However, the extracted pitch accelera- 
tion term due to aerodynamics alone appeared smooth enough to evaluate 
the static longitudinal stability for trends and "ball park" magnitudes, 
These findings are discussed in the following section. 


Figures 11 through 63, appendix I, present stall approach and 
departure/spin flight test data for the major loading groups. ‘hese data 
encompass a wide range of cg pesitions, stall entry conditions, and types 
of out-of-control maneuvers. Accordingly, this set of data, along with 
the data in reference 2, is necessary and sufficient to describe the test 
aircraft behavior at high AOA. Reference will be made to Specific figures 
in this group when discussing aerodynamics and inertial coupling 
characteristics in the following sections. Unless otherwise noted, all 
quoted values of angle of attack are referenced to the body axis {eg = 
SCnosebe, i therefore, in this discussion the interpretation of wind 
tunned data includes the adjustment for AOA measured with respect to a 
wing reference line (o, =o. -L1°). Selected repreductions from reference 
2 are presented in figures Ba through 76, appendix I. These data are in 
the body axis, ; 


F-2 AERODYNAMICS AT HIGH AOA 
Predicted Stability Derivatives 


The predicted F-4 static stability aerodynamic data of references 
2 and 3 indicated the following for low Mach numbers: (1) A mild pitch 
instability existed prior to the first local maximum in the Llift-curve 
Slope and was evident over an AOA rance of approximately 3-5 degrees, 
Additionally, the pitching moment coefficient at a given AOA was a func-— 
tion of sideslip angle and this influence was highly non-linear out to 
40° of sideslip. (2) Directional stability (C,_) approached zero near 
21° AOA and became strongly adverse by 25° AOA. ®8This adverse condition 
remained through 90° AOA and moderate sideslip angle ranges. towever, 
for sideslip angles greater than 25°-40°, an increasingly stabie yawing 
Moment was observed, Significant yawing moment asymmetries and non- 
linearties were noted for 45° < a, < 80°. For example, zero yawing moment 
was evident for a sideslip angle greater than 5°. These asymmetries were 
also recorded for sideforce measurements but did not occur about the roll 
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axis. Therefore, it can be assumed that the asymmetries were primarily 
due to forebody and aft body effects rather than a wing-body effect. The 
extrapolation of any such model results to imply large asymmetries for 
full scale airplanes becomes a matter of utmost concern in predicting the 
behavior of a spinning airplane. Both asymmetric data and the adjusted 
data should be analyzed to determine their influence on spin entry/ 
recovery. Model scale effects, local tunnel blockage effects, etc., 
should be thoroughly reviewed to establish the verity of observed 
asymmetries. (3) Dihedral effect (Cy,) through moderate sideslip angles 
(-16° <g <10°) shewed a marked deteriSration from 14° to 19° AOA, then a 
neutral or slightly adverse condition through 35° AOA. The dihedral effect 
again became strongly favorable by 40° AOA and remained essentially 
constant through 90° AOA, In the AOA range from 15° to 40°, Co, was very 
non-linear for RB <20°, 


Contrel effectiveness data from reference 2 indicated the following: 
(1) Stabilator pitch effectiveness (Cys ) decreased rapidly after 25° 


AOA, and minimum values were observed fo 40° <AOA< 60° for zero sidéslip 
angle. (2) Rudder yaw power (Ch, } approached zero at 40°=50° AOA and 


was adverse at higher AOA's under Sonditions of large sideslip and aft 
stick. (3) ‘Aileron roll power (Cy. ) decreased rapidly between 10° and 


30° AOA and approached zero by 50° ABA, (4) Adileron yaw power (Cy, ) 
for moderatc sideslip angles was consistently adverse and approximately 
constant between 20° and 90° AOA. 


The major characteristics of the predicted dynamic derivative data 
as they applied to stall and spin conditions were: (1) Roll rate damping 
(Ce) was favorable (negative) over the entire positive AOA range. (2) 


rolling moment due to yawing velocity (Cy) was coordinated (positive) 


over the entire positive AOA range. (3) Yawing moment due to rolling 
velocity (C,_) demonstrated three changes in sense over the AOA range 


from 0° to 90°. For the AOA range for the steeper spins, C, was 
uncoordinated (negative), i.@¢., a yawing moment was providedPaway from 

the turn direction of the spinning aircraft whenever roll rate was in 

the direction of the turn. For AOA's greater than 75°, C, was coordinated 


(positive), and a left wing down roll rate in a spin to the left provided 
an additional yawing moment in the spin direction. (4) Yawing moment 
due to yawing velocity (Cy) was damping if AOA is less than 75°. The 


magnitude of Cy, was particularly small for 35° <AOA< 50°; above 75°, 

x 
Cy, was propelling. (5) Pitch rate damping (Cr) was favorable (negative) 
over the entire positive AOA range. {See figures 73 through 75, appendix I.} 


Pre-Departure 


Cruise Configuration. Low Mach Number (< 0.8) 


The F-4 longitudinal instability condition documented in references: 
4, 5, and 6 is demonstrated in Figure 53, appendix I, for the test aircraft 
during low Mach number flight. The nose rise is shown by the unstable 
gradient of stabilator and angle of attack near 8 seconds on the time 


22 


history. This longitudinal instability, combined with deteriorating 
control effectiveness near stall AOA's, led to inadvertant excursions into 
the region of directional divergence when attempts were made to roll with 
aileron or rudder at high AOA. 


For the clean loading, lateral-directional si ability breakdown 
was usually observed to begin near 22-24 units AOA in the form of wing 
rock, an unstable dutch roll oscillation. Examples of wing reck are 
presented in figures 16 and 36, appendix I, As AOA was further increased, 
the oscillations, as viewed by the pilot, progressed from a primarily 
roll motion to excursions in yaw (nose slice}. This behavior is consistent 
with the wind tunnel data (figures 66 and 67, appendix I) which shew that 
there is no significant change in rolling moment for 8 <5° for AOA's 
between 25° and 35°. For an AOA range from 20° to 35°, directional 
ins. ability increased, and the nose slice became the immediate 
ind,cation of impending departure. Full lateral stick inputs near 25 
units AOA produced no significant effect on aircraft motion. The adverse 
yaw due to aileron (Cn, )} was insufficient to produce a departure because 

a 
lateral-directional instability was insufficient for departure, and roll 
effectiveness (Ce) was very low. Departure required a threshold value 


of directional instability; aileron inputs promoted a divergence of 
sideslip wnich determined departure “direction, but only at AOA's above 
approximately 27 units. Aileron inputs alone did not produce a departure; 
BOA had to be in the region of directional instability. 


For the symmetric-high drag loadings, the amplitude of wing rock 
was reduced, and nose slice was observed at a lower angle of attack than 
for the clean aircraft. The increased roll inertia, because of store 
addition, yielded lower roll acceleration. The store effect on wing 
lift distribution (i.e., the influence on Cg.) and the subsequent change 
in the sidewash distribution on the empennagé (i.e., the influence on Cy,) 
were also contributing factors in the change in pre-departure characteristics. 


For the medium and highly asymmetric loadings, the rolling 
moment due to the weight asymmetry was balanced by an ever-increasing 
sideslip angle as AOA was increased during normal stall approaches. This 
is demonstrated in figure. 48, appendix I. The pre-established sideslip 
angle negated oscillations in yaw and the first significant excursion 
in yaw was initial departure. 


Cruise Configuration, High Mach Number ( > 6.8) 


_ High-g, transonic, decelerating turns demonstrated that, even 
with full aft stick, the test aircraft was limited to AOA's below those 
recuired for Geparture when latezal~directional controls were essentially 
neutral and the Mach number was greater than approximately 0.85. These 
characteristics were due to the static stability and stabilator effective- 
ness trends with Mach number, and an example is presented in figure 21, 
appendix I. As Mach number reduced and the center of pressure moved 
forward, the aircraft pitched up into an out-of-control condition. 
Mis-application of lateral-directional controls in the high transonic 
regime did lead to a departure at 1.13 M as discussed in reference 1. 
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The onset of wing rock always preceded stall and provided ample 
warning when maneuvering was conducted smoothly. The intensity of wing 
rock increased with increasing AOA and the frequency was much higher than 
fox low speed flight, 


Flap Effects 


Wing rock in the power-approach configuration was repeatable, 
and the amplitude was larger than that for the aircraft in the cruise 
configuration. Figures 1l and 12, appendix I, indicate wing rock near 
25-27 units AOA in the PA configuration. The different high-AOA flight 
characteristics between the CR and PA configuration are a result of the 
change in wing lift distribution and the sidewash flow field with leading 
and trailing edge flap deflection. 


A normal stall approach with a half-flap/gear-up configuration 
is presented in figure 31, appendix I. An AOA of 52° was attained with 
essentially no lateral-directional divergence. This result reflects the 
improvement in directional stability and dihedral effect with leading edge 
droop noted in reference 3 and the improved high AOA flight characteristics 
noted during the F-4 leading edge maneuvering slat evaluation (reference 
19). 


Departure 
(Initial Departure 


Departures were the result of directional instability arising 
from adverse sidewash at the empennage and a loss of dihedral effect due 
to local flow separation on the wing. The vertical tail-off data shown 
in reference 3 indicate that adverse sidewash causes the aft body and 
Stabilator elements to he directionally destabilizing for 10° <ACGA< 38°. 
The total component puild-up data indicate that as AOA is increased above 
29°, the adverse sicewash field noves upward and causes the vertical tail 
component to be directionally destabilizing. The rapid change of 
directional stability and dihedral effect with angle of attack and the 
non-linearities of these quantities are shown in figures 66 and 67, 
appendix I. ‘These non-linearities are the probable reason the test 
aircraft departed at an AOA higher than that predicted by the departure 
correlation function, 


Cc = Cc - I Cc sin a, 
"8 pyil ng a Ee 
tx 
documented in reference 15. If C, and 2, are evaluated.at 8 = 0°, 
then Cn, predicts departure at 21°, however, the clean loaded test 
DYN 


aircraft usually departed above 30° AGA in low speed flight in the CR 
configuration. The interchange of angle of attack and sideslip angle 
during rolling motions prior to nose slice also contributed to the delay 
in actual departure until a sufficiently adverse directional stability 
condition was present, 


Inadvertant AOA excursions into the region of lateral-directional 


instability and subsequent departure from controlled flight were possible 
because of the stick force lightening tendency and the potential for 
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statically trimming the aircraft to an AOA well past that for maximum 
usable lift. Figure 65, appendix I, presents static stability data for 
full aft stick at 33% MAC. These data indicate that for either the 
original wind tunnel data or the data adjusted in reference 2, there 
exists a trimmed AOA region for which the aircraft is directicnally 
unstable. 


Ro:ling Departure 


As stated in reference 3, the ‘tts: f1rnz2€t exhibited two types 
of out-of-control events: the rollin: cparture cx the spin. The roll- 
ing departure was the most predomine:i maneuver for she clean aircraft 
during low speed flight at forward ='sl and for the symmetrically 
loaded aircraft under must conditions of stall entry. 


A rolling departure developed when the departure roll and yaw 
rates were not severe and the cg was forward. These characteristics were 
observed most often for low speed departures, nose high departures, or 
departures that went over the top (reverse bank angle) from an accelerated 
stall in turning flight. Such conditions were conducive to a rapid air- 
speed bleed-off through the stall and dewarture, and as a result, the 
nose-up pitching moment due to inertial coupling at initial departure was 
insufficient to sustain an AOA for a spinning condition. A greater aero- 
dynamic restoring moment (i.e., forvard cg's) and forward stick at 
initial departure normally reduced AOA after one peak excursion in the 
40° = 50° AOA range. 


Even the highly asymmetric loadings could be limited to a rolle 
ing departure if recovery was attempted at the first indication of nose 
slice, before the divergent yaw rate became Large. Normal lateral- 
directional control technique always resulted in departures away from the 
heavy wing because of the pre-established sideslip required to aero- 
dynamically balance the weight moment. Figure 52, appendix I, shows that 
for the 25%-allowable-asynmetry loading, abrupt aft stick and cross 
controls were xreguired to obtain a rolling departure into the heavy wing. 


Spin Entry 


No control input other than aft stick was required for entry into a 
spin. However, the strongly adverse aileron yaw would determine spin 
direction as shown in the abrupt pull-up/rolli-in attempt shown in figure 
19, appendix I. Spins were entered directly from initial departure and 
did not pass through any intermediate stage of post-stall gyrations. Those 
conditions that produced a spin rather than a rolling departure were aft 
eg's and those entry conditions that resulted in significant departure 
‘roll and yaw rates, For the clean aircraft,nose-low attitudes and high 
energy stalls contributed to departure severity; a good example is pro~ 
vided by the second flat spin presented in figure 63, appendix I. 


The asymmetric loadings demonstrated an extreme susceptibility to 
spin. The large sideslip aagle, established before departure to help 
aerodynamically balance the weight moment, meant. that a large yawing 
moment existed as the AOA was increased above the value for directional 
instability. Additionally, the asymmetric loadings departed at a much 


Poe this study, 30% MAC was used as the division between forward ond aft cg’s. 
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lower average true AOA than for the symmetrically loaded aircraft. As 
such, the drag build-up and speed bleed-cff was not as great for the 
asymmetrically loaded aireraft with similar gross weight and stall entry 
conditions, and the dynamic pressure at departure was higher. 


Because of the five spin modes and many unique spin features ob- 
served during the test program, simplified but inclusive definitions were 
given to “spin" and “incipient spin". A spin is a sustained turning motion 
at a stalled AOA. There is no requirement that each turn mirror the pre- 
vious turn or that the flight path be vertical. The incipient phase of a 
spin is that initial phase in which the balance between aexcdynamis and 
inertial moments is insufficient to identify a spin mode in terms of average 
angle of attack and angular rates. 


Four recoverable spin modes and one non-recoverable mode were 
identified during the 101 erect spins experienced during the flight test 
program. The key to aerodynamic recovery from the first four spin modes 
wer a sufficiently large sideslip angle away from the turn direction. 

T: static stability derivatives, Cy, and C,, were more influential than 
. 4ynamic derivatives in determinifig spin Sharacteristics of the 
*svable spin modes. The flat mode was dominated by the dynamic 
deriv itive, Chy (or Cho) s which was propelling at flat spin AOA's, and 


ne comi.rshion of control surface positions could be expected to recover 
the F-4 fiins a flat spin. Inverted spins were not attempted using pro- 
spin contrvo1%., However, recoveries from extremely oscillatory erect spins 
did resuit:.in vsury high roll and yaw rates at negative AOA's and only one 
inverted turn :.as recorded. Spin mode characteristics are presented ir 
Table III. 


TABLE IIT 


SPIN MODE CHARACTERISTICS 


AOA OSCILLATIONS 
AVERAGE: ABOUT AVERAGE 
SPIN MOST PREVALENT | MOST PREVALe 3." | AOA FOR SPIN VAWWE IS SPIN 
MODE LOADTHGS ENTRY SPESY | (der) alee RECOVERABLE? 


at 2 
Steep-Sacoth Clean or © Low Speed j AU te 45 Yes Yes 
Tank Only 
Steep-Mildly Clean or & Low & High Speed 48 to 5S 45 to 60 | Yes Yes 
Oscillatory Tank Only (Commen With 
Transonic Entry) 


Steep- Clean 
Oscillatory 


Low & High Speed 50 to 60 220 40 to 60 | karginal Yes 


- | High angye Medium te _1 Any Entiy ee #30 160 to 90 | No } Yes 
of Attack- High Asymmetry i "3 
Highly 
Oscillatory 
Flat Seldom Occurs, | Seldon Occurs, 77 to 80 25 80 to 90 No 


But Possible But Possible 
With ALL With any Entry 
Leadings 


Nete: 1. The modes and values shown are for full for »-d stick and neutral ailerons 
and rudder. 


2. The flat mode values are essentially indeys-lent of contre] positions. 


Steep-Smooth Mode 


The steep-smooth mode was occasionally observed for the clean or 
centerline tank-only loadings. This spin was transitory in nature; its 
existence was established by the relatively low sideslip values during 
entry conditions, and its continuation was guaranteed only when the sideslip 
oscillations remained fairly small. Figures 22 and 37, appendix i, 
demonstrate that roll rate remains coordinated with the turn direction 
and does not approach zero until recovery. Dihedral effect dominated 
the aerodynamic influence on the aircraft roll characteristics during 
the steep-smooth spin, so any initial 4isturbance of sideslip angle 
usually initiated a divergence of & end subsequent recovery ox mode 
change as evidenced by roll hesitaticons. 


Steep-Mildly Oscillatory Mode 


This spin mode was the most common for the clean aircraft. Larcer 
sideslip oscillations existed for this mode than for the previous one. 
There was a characteristic roll away from the turn direction at every 
half turn of the spin; that is, right roll rates were observed in a spin 
to the left. 


As sideslip angle away from the spin direction promoted a roll 
away from the spin through favorable C,,, the sideslip simnitaneously 
provided a yawing moment away from the Suen because of an unstable Cy, 
Note that yaw rate reduced to only 16 degrees per second at one of the 
hesitations as shown in figure 21, appendix I. 


Statistical data indicated. that with aft eg's and without inboard 
pylons, the aircraft tended to continue in the steep-mildly oscillatory 
mode if only forward stick was hel@ in for recovery. An eight turn 
example is presented in figure 25, appendix I, in which the drag chute 
was finally deployed to effect recovery. 


fhe mode can be described as being essentially "neutrally stable" 
ander the conditions of aft cg and inboard pylons off. The spin tended to 
remain spinniz:g with forward stick only but with an imminent possibility 
of recovery {or less Likely, a reversal) if the sideslip oscillations were 
Slightly disturbed in the appropriate direction. The one reversal experi- 
enced during the program is presented in figure 35, appendix I. Actually, 
the predicted data show no autorotative rate-damping terms applicable to 
this spin other than the small value of positive Cp ; however, Cn_ does 
exhibit minimum values for the spin AOA range. Minimum yaw rate damping 
and an average pro-spin inertial yaw acceleration term were probably 
responsible for the continual nature of the spin and the requirement to 
use drag chute or aileron for satisfactory recovery. 


Many of the spins with forward cg's and/or inboard pylons were 
terminated within several turns using forward stick only for recovery. 
An example is presented in figure 21, appendix I. 


Table III shows that the steep spins (lower average AGA) turn at 
a slower rate, and that the average values of AOA and yaw rate for a given 
mode are apprceximately egual. 
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Figure 27, appendix I, shows that severity of the departure in- 
duced a large nose-up pitching moment due to inertial coupling and the 
aircraft spun initially at a higher AOA. Eventually the AOA and yaw 
rate trend was toward those values characteristic of the mode. 


Several steep spins were evaluated for trends in static longitu- 
dinal stability using the equations for (Cy) and (c,) » Page 


aero due to a 
19. All values other than (Cp) 


were assumed to be correct as 
: due to a 
given in reference 2 and (Cy) 


aie eoce at 33% MAC were calculated from Cmaero. 


The results are presented in figure 64, appendix I, and show that the 
curve adjusted in the simulator study to fit Navy flight test data was 
approximated by the F-4E flight test results through 50-35 degrees AOA, 
but above 60° ADA, there was a more Stabilizing trend with increasing AOA. 


Steep-Oscillatory Mode 


This mode was characteristic of the symmetrically leaded aircraft. 
The inertia distribution effects as well as the divergent sideslip angle 
led to recoveries within two turns with forward stick. Again, the 
combination of favorable dihedral effect (negative C,,) and unstable 
Cy, provided roll and yaw away from the turn direction for 8 away from the 
spin. Examples of this mode are presented in figures 55 and 57, appendix I. 


High Angle of Attack-Highly Oscillatory Mode 


This mode was exclusive to the medium and highly asymmetric 
leadings and was highly u:.:table in that these spins vigorously diverged 
to recovery with applica: :-sn of forward stick only. A unique feature for 
the first several spin tts was an essentially horizontal flight path, 
Figure 51, appendix I, iw.nstrates that the initial turns were similar 
to the flat spin in tez:.: of AOA and turn rate. The significant differences 
were that the aircraft :2’ tially spun flat to the horizontal flight path 
and not vertically, and ~be oscillations subsequently diverged. 


Flat Mode 


The flat spin was dominated by a propelling yawing moment due to 
yaw rate lor spin rate coefficient &) and to a lesser extent by a pro- 
pelling value of Cp. This spin was non-recoverable. Longitudinal stick 
position was found Ro influence yaw rate only slightly after the mode had 
been established, In the flat spin, figure 63, appendix I, a.cg change 
of 2% MAC after ejection produced only a slight change in yaw rate. Based 
en the variety of spins encountered in the test program, and the nature 
of spin mechanics, it is doubtful that any oscillatory spin will transi- 
tion to the flat spin as long as the stick is held full forward. Flat 
spins will be established by very high departure rates or become probable 
if the stick is by“ught aft in the high angle of attack ~ highly oscilla- 
tery Spins. Ccmpa.ison plots of flat spin and steep-mildly oscillatory 
spin entries are presented in figure 60 and 61, appendix I. 


Recovery 
Rolling Departures 

Rolling departures did not exhibit a sustained yaw rate. 
Therefore, pitch-up due ta inertial coupling was transient, and an aero- 
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dynamic recovery was always attained by driving the aircraft with forward 
stick to a low angle of attack where lateral-directional stability was 
regained. The drag chute proved an effective aid to forward stick in 
reducing AOA during rolling departures. 


Erect Spins 


The use of £ull forward stick for spin recovery was simply an 
extension of the out-of-control recovery procedure. Therefore, full for- 
ward stick was normally attained during the incipient spin phase. ‘The 
aircraft divergeé rapidly toward recovery from the more oscillatory spins. 
The use ef aileron ox drag chute was reguired to aid full forward stick 
for a Satisfactory recovery from the steeper spins. 


The primary values of forward stick were: 
1. Natural reaction and simple application. 


2. Maintained angular oscillation required for recovery 
from spin, 


3. Almost totally eliminated spin reversals, 


4, Recovery from spinning condition signalled when 
aizcraft unloaded to zero or negative g. 


5. Helps camp recovery oscillations by keeping AOA low. 


Previous to this program the use of forward stick was not considered 
a satisfactory spin recovery technique for the F-4 (fuselage-heavy) aircraft 
for fear of “wrapping up" the spin: i.e., that an increased nosedown aero 
dynamic pitching moment leads to an increased yaw rate, thus increasing in- 
ertial pitch-up. The contractor tried to verify this condition during initial 
flight test work (reference 10), but four of the five spins allotted to 
this demonstration recovered with forward stick before the required five 
turns, and one spin was actually terminated with forward stick and pro- 
spin aileron. Only when forward stick was delayed through the first two 
turns and pro-spin aileron reduced did the spin progress past five turns 
total. Reference 10 also stated that the cause for the increased oscillatory 
activity appeared to result from the increase in inter-axis coupling as a 
result of the greater rotational rate. ‘This observation was validated 
by the F-4E flight test data which showed that full forward stick, applied 
at the incipient phase of recoverable spins, promoted oscillations in all 
axes, and that the most vigorous oscillations were an indication to the 
pilot of imminent recovery. Since the key to an aerodynamic spin recovery 
was a sideslip away from the spin, the application of forward stick to 
intensify oscillations causes it to be an effective recovery control. 


The steep-smooth mode was somewhat unique. ow sideslip angie 
during the entry and incipient spin phase determined the relatively non~ 
oscillatory nature of this mode. However, this situation was tenuous, 
and small disturbances would force a spin mode transition to steep-mildly 
oscillatory or abrupt recovery with aileron inputs. 


Aileron full with the spin direction proved to be a very effec— 


tive aid to full forward stick for recovery from the steep spins. Figures 
26, 27, 29, 34, and 35, appendix I demonstrated such recoveries; the 
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figures show that aileron adverse yaw slowed the turn rate and displaced 
the sideslip oscillations in the appropriate direction required for recovery. 
No timing problems were encountered for neutralizing the aileron at recovery. 


Predicted data indicated the rudder would be of no significant 
effect as an anti-spin control because of the high AOA's involved. 


Recovery Rolls 


The initial phase of recovery from spins or rolling departures 
often demonstrated a large residual sideslip angle and yaw rate as the AOA 
rapidly reduced through the stall region. The aircraft would begin a 
vapid, uncommandsed rolling motion because cf the favorable dihedral ef- 
fect in the lower AOA range, and the subsequent high roll and yaw rates 
provided a nose-up pitching moment due to inertial coupling. This inertial 
coupling momentarily prevented full forward stick from reducing AOA, 
Figures 36, 37, 52, 54, and 59, appendix I, show that the AOA range for 
recovery rolls was from approximately 10-20 degrees. Since these rolling 
motions accurred in an AOA range of positive directional stability, the 
sideslip angle forcing <he rolls was transient, and recovery rolls always 
damped within two or three rolls. 


High-Pitch Attitude, Law-Speed Stall Entries 


The near vertical stall entries usually resulted in sueh drastic 
speed bleed-offs that, even with highly adverse conditions of AOA and 
sideslip, the low @. namic pressures were insufficient to force the air- 
craft into a divergent out-of-control condition. An example presented 
in figure 15, appendix I, shows that local flow velocity was so low that 
the AOA probe stopped rotating. 


Aerodynamic Peculiarities of the Tesi Aircrati 


F-&E ys F/RF—4C, F-40 


The significant aerodynamic differences between C, D, and the 
test E madels are nose length, nose shape, and sietted stabilator. Many 
qualitative reports have indicated that C and D models exhibit a more 
consistent and pronounced wing rock in the low speed, CR confiquration. 
fhis behavior may_be anticipated from a chance in forebody sideforce 
characteristics due to flow separation and a mutual realignment of the 
forebody and wing-body vortex systems. Both factors would influence 
@ixectional stability, and, tnerefore, the wing rock characteristics. 
Nose shaps also influences the relationship between indicated production 
AOA and true AOA. Any qualitative comparisons of F-4 model flying 
qualities at high AOA should take this factor into account. 


Reference 17 indicated that the propelling nature of yaw rate 
damping was an aft body component arrangement problem and not a forebody 
effect, thus nose shape is not expected to alter flat spin characteristics. 
It is not expected that model aerodynamic differences would materially 
alter Spin characteristics or recovery techniques. 
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Test Aiscraft Aft-Body Modification 


A side view projection of the additional area of the aft wo-ty 
modification indicated that the test aircraft had an equivalent increase 
in vertical taii-volume coefficient of approximately 30% over a production 
Fe4. This is a fairly significant increase, especialiy since local 
dynamic pressure reduction and sidewash reaction on aft-body components 
create rapid directional stability changes in the stall region under 
investigation. Aliso, spinning conditions involve some degree of balance 
between aerodynamic and inertial forces and moments, and the steep 
spins of this program demonstrated that this balance was a delicate one 
in terms of mode existence or recovery capability with forward stick only. 


The only steady state tests that could be accomplished to 
Getermine aft-body effects were constant heading sideslips at AOA's below 
the stall, These maneuvers were conducted at 19 units AOA, and the data 
are presented in figure 10, appendix I, along with similar data from a 
test F-4E aircraft with a standard aft body. The results show a destabi- 
lizing change in 8/ér for the stall test aircraft. ‘This finding is con- 
Sistent with the data presented in reference 3 which indicate that, for 
specific AOA ranges, adverse sidewash causes all empennage elements to be 
destabilizing. It is doubtful that meaningful extrapolation of these 
results can be made to the test aircraft in the departure/spin region of 
higher angles of attack and sideslip. 


The test aircraft may not exactly reflect the average departure 
angles of attack that a production F-4 would experience with the same 
store loadings. However, there is no reason to believe that the out-of- 
control and spin resovery procedures datermined with the test aircraft 
would not apply to all production F-4 models. 


INERTIAL AND ENGINE GYROSCOPIC COUPLING 
inertial Coupling 


The specially prepared time histories showing angular acceleration 
components due to inertial and gyroscopic coupling proved to be valuable 
aics in the analysis of spin entry, spin recovery, and recovery rolls. 


Appropriate equations of motion for a symmetrically loaded aircraft 
are given at the top of these time histories, and the angular acceleration 
tarms due to aerodynamics alone have been resolved from the absolute 
body axis angular accelerations. 


Spin entry, and sometimes spin mode, was greatly influenced by the 
principal nese up inertial coupling term I, - I, . Figure 27, appendix I, 
— pr oA Seen ors 


Shows that this inertia: term has a peak value of +110 deg/sec” during 
the incipie.t phase of a steep-mildly oscillatory spin while the second 
flat spin (figure B45 appendix I) demonstrated a peak nose up inertial 
value of 159 deg/sec* during the incipient phase, 


All of the oscillatory spins demonstrated nose down inertial 


coupling at the characteristic hesitations (8 away from the spin), and 
when this condition was of sufficient duration or the nose-down inertial 
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term was sufficiently larye, spin recovery was effected. An example is 
Shown in figure 42, appendix I. 


At times, the oscillations at the initial stage of recovery were so 
large that the aircraft would return to a spinning condition due to inertial 
coupling effects although the AOA had temporarily reduced to a value below 
Stall. Figure 44, appendix I, shows that the pilot had experienced 
negative g at incipient rectvery and began bringing the stick aft. The 
angle of attack returned to a post stall value of 40° after the stick — 
had been place forward again. Inertial coupling was responsible for 
another excursion of AOA to 75° before the spinning motion was finally 
terminated, A spin recovery such as this validates the recommendation 
to maintain fuli forward stick until the recovery oscillations cease. 


Figure 24, appendix I, shows that a large, pro-spin value of the 
yaw acceleration tern, tee I Se maintained a turning condition even 
I 
z 


though AOA had momentarily zeduced to 15°. 


The nose up inertial influence during recovery rolls is evident 
in figures 37 and 59, appendix I. 


Engine Gyrescopic Coupling 


Engine gyroscopic effects can be significa.c during nigh energy 
departures or during the fast-turning spin modes. The pitching term 
Tine soonre was calculated by averaging LH and RH engine speeds, where 
—— eee 6 

ty 
maximum,rpm is 7460 and the polar moment of inertia per engine is 20 
Slug-ft". Figure 63, appendix I, shows that the peak value of engine 
gyroscopic nose=-up during the incipient phase of the flat spin is as much 
as 50% of the average value of the primary nose-up inertial term, I, - 1, 

pas Suen 

; 7 y 
in the developed portion of the flat spin. 


It is pessible that the F-4 without stores will spin flat only to 
the left because of the engine gyroscopic pitch-up contribution with left 
yaw rates. The high angle of attack-highly oscillatory spins demonstrated 
more than a 10° higher average AOA to the left than to the right for yaw 
rates on the order of 80 degrees per second. 


PRODUCTION DRAG CHUTE EFFECTIVENESS 


Flight Manual out-of-control recovery procedures recommend deployment 
of the production drag chute as an aid to full forward stick for all out~ 
of-control events. Data analysis of a steep oscillatory spin with the 
drag chute deployed indicated that the recovery effectiveness of the drag 
chute was low ahove an AOA of about 50 degrees, The aerodynamic effects 
of the drag chute on the aircraft (see page 19) are plotted vs. angle of 
attack in figure 8, appendix I. An important result to note is that during 
any Oscillatory mode, the effect of sideslip dominates that of yaw rate 
in aligning the chute to the plane of symmetry. (See figure 7, appendix I.) 


$2 


brag chute drag coefficient (Cp, referenced te free stream G) was 
drastically reduced at high AOA due Eo aircreft wake interference (figure 
8, appendix I), and the yaw moments from the chute have little total effect 
on the aircraft rotation (at high AOA) and are actually pro-spin at tines 
during the spin. Quantitatively, that figure also shows that the drag 
chute maintains some effectiveness until AOA is above 45-50 degrees. As a 
result, the drag chute will aid recovery from the steep=<smooth and the 
steep~mildly oscillatory modes due to their lower average AOA's. The 

drag chute is ineffectiv-: as a recovery aid from the high ADA-highly 
oscillatory and flat spin modes. Examples of drag chute recoveries are 
shown in figures 20, 25, 39, and 56, appendix I. Wote that figure 56, 
appendix I, indicates the production drag chute helped reduce AOA frot 

56° to 23° while the stabiletor was nearly full aft durine a rolling 
departure. 
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APPENDIX I 
Selected Test Data 


NOTES APPLICABLE TO APPENDIX I FIGURES 
1. Parameters listed at top of time histories are for maneuver entry. 


2. Noseboom Angle-of-Attack is referred to the fuselage reference 
axis (waterline). 


3. Stability Augmentation System (SAS) parameters are presented in 
degrees of their respective commanded surface positions. 


4. Sideslip data are unreliable when AOA is greater than 80 degrees, 


5S, Throttie positions are shown in degrees of throttle angle: 


Military Thrust = Approximately 70 to 80 degrees 
Idle Thrust = 8 degrees 
Maximum Afterburner Thrust = 113 degrees 


6. Maximum Surface Deflections or Pull-stick throws are as follows: 


Stabilator Position. +21 to “9 degrees 
Lateral Stick +12 to -12 degrees 
Production AOA 0 to 30 anits 

Rudder Position +30 toa -30 degrees 
Spoiler Positions re) to 45 degrees 
Aileron poxeeiGne - 2 to +30 degrees 
Yaw SAS +5 to <5 degrees 
Roll SAS 47.5 to . ~-7.5 degrees 
Pitch SAS 40.5 to -9.5 degrees 


7. Whe production AOA data shown was measured at the production 
- AOA probe. Cockpit indications were affected hy internal indi- 
cator damping. : : 
38. Maximum engine RPM = 7460. 


Engine Polar Moment of Inertia = 21 slug - et" per engine. 
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F=4k USAF S/N 66-285 


Phase 


Airspeed 
Calibration 


Baseline 
Stability 


Baseline 
Stability 


TAC 
Maneuver 


TAC 
Haneuver 


Airspeed 
Calibration 


I 


Baseline 
. Stability 


Test Results 


- 


Airspeed Calibration - Tower Slyeaby 


Baseline stability at forward cgs dynamic and 

maneuvering longitudinal stability, rudder roll 

performance at 15 and 19 units; PA static jong- 
itudinal stability. 


Baseline Stability Mission at aft cg; dynamic 
and maneuvering longitudinal stability; rudder 
roll performance at 15, 17, and 19 units, 


TAC Training Maneuvers; adverse yaw demo-hi 
and low AOA, CR and PA configuration. 


TAC Training Mancuvers: steady sidesliv, CR 19 
units; rudder and aileron demo's for adverse 
yaw; various combinations of SAS and ART; CR 
and PA, 


Forward cg 3tall investigation; out-of-control 
recoveries from 1 g and accelerated stails in 
CR and PA, Parabrake dcnioy at 29 units, CR 
configuration. 


Airspee:. calibration - low speed pace (1-37) 


Mideaft cg stall approaches in CR and PA; SAS 
on and off; drag chute deploy at 29) acceler- 
ated stall. 


Forward cg stall penetrations, rolling de~ 
parture recoveries with forward stick; fuil 
aileron inputs near 25 units; drag chute de- 
ploy in half-flap configuraticn at 27 units. 


Mideafi * CR static lateral-directional at 
19 units: iwo turn spin left after normal stall 
approach; drag chite out to aid forward stick 
recovery, : 


Chase abort; mid-aft eg; CR and PA TAC train- 


ing maneuver; supersonic acceleration; steady 
Ssidtslip at 19 units. 
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1+ 15 
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4A 
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Phase 


Baseline 
Stability 


TAC Training 
Maneuver 


Test Results 


Mid-aft. egy normal and accelerated CR stalis; 
rudder and aileron inputs fron 19 to 27 units; 
drag chute deploy near 30 units. 


Weather prohibited stall tests; conducted 
static longitudinal and lateral-directional 
stability tests; evaluated longitudinsl maneu- 
vering stability at .8 and .9 mach number, 


Normal and accelerated stai:.; full aileron in- 
puts near 25 units; drag ehits deploy at 30 
units, required forward stic: for recovery. 


Normal stalis; CR configuraticn; rolling de- 
partures; first encounter with recovery rolls, 


Forward cg$ normal and accelerated stails; CR 
configuration; all departures were to the 
right; drag chute deployed in rolling departure 
near 30 units. 


Mid ¢g; normal stalis; CR configuration; roll- 
ing departures only; lost PCl. 


Mid cg; normal and accelerated stalls; CR con- 
figuration; 3 spins, 1 rolling departure to 
the right; drag chute out on 5-turn spin. 


Forward cg; normal and accelerated staliss; CR 
configuration; only 2 rolling departures; good 
AOA response to forward stick; drag chute de- 
ploy. 


Normal cgs normal and accelerated stalls; CR 
configuration; 6 rolling departures; control 
pulses at high AOA; drag chute deployed/stick 
released. 


Weather prohibited stall maneuvers; drag chute 
deploy and stick fixed trim points. 


Normal cg; normal and accelerated stells4 CR 
configuration; 6 rolling departures, 3 spins; 
drag chute deploy. 


Training maneuvers evaluated by representative 
from Tactical Fighter Weapons Center, 
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II 
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Test Results 


Training maneuvers evaluated by represen tative 
from Tactical Fighter Weapons Center. 


T/M failure: air abort. 


Forward cgs normal and accelerated stalls} CR 
configuration; 6 rolling departures , 1 spins 
drag chute deployed during rolling departure. 


Mid-aft ¢gg normal and accelerated stalls; CR 
configuration; 9 rolling departures, 1 steep- 
smooth spin; chute deploy in rolling departure, 


Mideaft cg3 normal and accelerated stal%s; CR 
configuration; 4 spins, 3 rolling departures; 
drag chute aided departure recovery. 


Normal cg; normal and accelerated stalls; CR 
configuration; 6 mild rolling departures. 


Forward egs normal and accelerated stal2s; CR 
configuration; 4 spins, 4 rolling departures, 


Forward-mid cg; normal and accelerated stalls; 
CR configuration; 2 spins, 9 rolling departures 


Mid-aft cg; normal and accelerated stal2s; CR 
configuration; 12 rolling departures, 1 spin; 
evaluated different forward stick ratess drag 
chute deployed at high AOA, aircraft recovered 
with stick held aft. 


Normal cg; normal and accelerated stalls; CR 
configuration; 6 rolling departures, 4 spins; 
drag chute deployed, but forward stick was 
effecting recovery. 


Forward cg; normal and accelerated staliis; CR 
configuration; 6 spins, 2-4 turns; varied rate 
of forward stick; drag chute near vertical tail. 


Forward cg; normal and accelerated stal 1s; CR 
configuration; 6 spins, 2-4 turns; drag chute 
deployed and caught on Jebellows probe on 
vertical tail. 


Mid-aft eg; normal and accelerated stalis; ¢ 


configuration; 6 spins, 2-5 tuzns; one inverted 
tur at recovery from a S-turn erect spin. 
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Test Results 


Forward cg; normal and accelerated stalls 
(smooth and abrupt); CR configuration; 8 spins 
(1-3 turns) and 3 rolling departures; drag 
chute aids recovery from spin. 


Tuft photos of empennage and lower wing at 
stabilized ADA's. 


Forward cg; normal and accelerated stalls; CR 
and PA configuration; 4 spins (1-7 turns) and 
4 rolling departures; drag chute aids recovery 
from spin. 


Forward cg; normal and accelerated stalls; CR 
configuration; 7 spins (le3 1/2 turng, all to 
left); tuft photos of empennage. 


Forward cg; normal and accelerated stalls 
(smooth and abrupt); CR configuration; 6 spins 
(1 i/2-6 1/2 turns}; 2 rolling departures; 
extreme recovery oscillations. 


Forward cg; normal and accelerated stalls 
{smooth and abrupt); CR configuration; 4 mild 
rolling departures; very positive recoveries 
with forward stick only. 


Forward cg; normal and accelerated stalls; CR 
configuration; 4 rolling departures, 1 spin 
(1 turn). 


Forward cg; accelerated stalls and high pitch 


<attitude zoom stalls; CR configuration; 2 


Tolling departures; 1 spin; 8 high pitch 
attitude stalls with and without lateral- 
directional control inputs. 


Normal ¢g; normal and accelerated stalls; high 
pitch attitude zoom stalls; CR configuration; 2 
rolling departures; 1 spin; 6 high pitch atti- 
tude zoom stall entry maneuvers; including a 
vertical entry and controls release. 


Aft cg; accelerated stalis and one 60° pitch 
attitude stall CR configuration; 2 spins (A 
and 8 turns); drag chute aided recovery from 
the steep-mildly oscillatory spin mode. 
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Test Results 


Aft cgs CR configuration; one 60° pitch atti- 
tude zoom stall; accelerated stall resulting in 
steep-mildiy oscillatory spin with a reversal 
in turn directions drag chute aided recovery, 


Aft cg; CR configuration; accelerated stalls 
and zoom entry stalls; one rolling departure; 
three spins; drag chute deployed to aid re- 
covery from spin. 


Forward cg; normal and aceslerated stalls, CR 
and DIVE configuration; four rolling departures; 
four spins (1-2 turns); simulated ground attac 
maneuvers/inadvertant stalls. : 


Aft cg; normal and accelerated stails and 
oblique loop; CR. configuration; two rolling 
departures; 3 spins (2-5 1/2 turns), 


Aft cg; accelerated stalls; CR and CO confi- 
guration; two rolling departures, one spin; 
inverted stall; aileron with the spin direc- 
tion aids recovery. 


Mid cg; normal and accelerated stalls; CR 
configuration; three rolling departures, one 
spin; positive recoveries with forward stick 
only. 


Mid cg; normal and accelerated stalls; CR 
configuration; four rolling departures; two 
spins; lateral-directional controls required 
to obtain a departure into the heavy wing. 


Mid-aft cg}; normal and accelerated staliss CR 
configuration; one rolling departure, five 
spins (1-7% turns). 


Non-productive, Weether in spin area/chase 
lost commiication, 


Mid-aft cg; accelerated stalls; CR configura- 
tions first attempt to evaluate the aft stick.. 
spin recovery procedure resulted in a flat 
spin; 33' chute deployed for recovery. 


Aft cgs accelerated stalis; CR configuration; 
one Trolling departure; three steep spins; one 


flat spin; 33! chute attach mechanism failed, 
chute left airplane, crew ejected. 
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